Abstract. In recent years, the dealing with natural hazards in Switzerland has shifted away from being hazard-oriented towards a risk-based approach. Decreasing societal acceptance of risk, accompanied by increasing marginal costs of protective measures and decreasing financial resources cause an optimization problem. Therefore, the new focus lies on the mitigation of the hazard's risk in accordance with economical, ecological and social considerations.
Introduction: Dealing with natural hazards in Switzerland
Due to economical (increasing marginal costs of protective measures) and environmental reasons (negative ecological impacts of the protective measures) as well as societal concerns about hazardous events, dealing with natural hazards in Switzerland has recently shifted away from being hazardoriented towards a more risk-based approach. The protection against hazardous events is no longer the primary guideline for risk management, the new focus lies on the mitigation of the hazard risk in accordance with economical, ecological and social considerations. This newly introduced "culture of risk" is mainly characterized by PLANAT (the Swiss Natural Hazard Advisory Committee under the authority of the swiss government) and their paradigm: "From the avoidance of hazards towards a culture of risk" (PLANAT, 2005) .
State of the art: A risk-based approach or a new culture of risk
The modern swiss proceeding requires a comprehensive approach of dealing with hazard risks. Not only technological, engineering or scientific aspects of the definition of the hazard or the computation of the risk have to be considered, but also the public concerns about the acceptable level of these risks. Together, both aspects of a modern risk approach enable a comprehensive assessment of the (risk) situation and, thus, a sound decision about the necessary risk management measures. 
The risk triangle
It makes sense to base the swiss risk-based approach on the components risk analysis, risk evaluation and risk management as mentioned by Hollenstein (1997) . These components are interrelated and influence each other what can be illustrated using the picture of 'risk triangle' (see Fig. 1 ).
Risk analysis is the process of quantification of the probabilities and expected consequences for identified risks and answers the question "What can happen?" (SRA, 2005) . The resulting risk is often called the effective or objective risk R obj and provides information about the extent and frequency of the expected damage of an event. The simplest definition of R obj is the product of frequency (or probability) of event occurrence F times the extent E of the associated consequence, i.e.
Risk evaluation is a socio-political and moral-ethical process in which judgements are made about the significance and acceptability of risks (SRA, 2005) . It produces the information that is need to determine the acceptable level of residual risk R acc . Therefore, it answers the question: "What may happen?".
Based on possible initial states comparing the results of risk analysis and risk evaluation (see Fig. 1 , risk management aims at reducing unacceptably high risks and preventing other risks from becoming so by maintaining a safe state. For this purpose, it combines R obj and R acc in a political process and implements measures based on economic and technological principles (Heinimann, 2002) .
Problems of a risk-based approach
Despite the large potential of a risk-based approach for a sound and comprehensive dealing with natural hazards, there are problems that have to be addressed. Risk managers, who have to decide what level of risk is acceptable are mostly technological experts. But, very often they have to make judgements about the way the "lay" public perceives and evaluates the risks to account for societal concerns. As this information is usually not available, risk evaluation is often a knowledge gap in the risk management process.
A model that is able to simulate the public risk evaluation could be a helpful tool for the risk managers. Therefore, one of the aims of the proposed project carried out by the Chair of Land Use Engineering (LUE) of the Swiss Federal Institute of Technology in Zürich (ETH Zürich) is, primarily, the development of a conceptual framework of such a model and, secondarily, the testing and validation of these framework using case studies. Within this paper, however, the main focus lies on the conceptual framework.
Developing such an evaluation model, means addressing problems that can be summarized in the question: "What level of risk is acceptable (R acc ) and how can it be calculated in a model?". Although it is well documented what factors affect the perception of risks, it is still not absolutely clear which of these factors are relevant for the evaluation of natural hazards. Most of the perception research within the last thirty years was made in the field of technological hazards. The research is mainly based on the initial work of Farmer (1967) and Starr (1969) and was then improved by e.g. Slovic (e.g. Slovic et al., 1986; Slovic, 1987) , Renn (e.g. Renn, 1998 , 2001 Renn and Klinke, 2002) and others (e.g. Kasperson et al., 1988; Zwick et al., 2002) . Nevertheless, during the last years, several research studies were also conducted in the field of natural hazard risk perception (e.g. Litai et al., 1983; Rogers, 1984; Fell, 1994; McDaniels et al., 1995 McDaniels et al., , 1996 Finlay and Fell, 1997; DeChano and Butler, 2001; Plapp, 2004; Siegrist et al., 2004) .
Furthermore, there exist several attempts to integrate risk perception findings in engineering approaches of risk evaluation. So far, in Switzerland such integrative work was essentially done in the field of technological hazards on behalf of companies or federal agencies (e.g. Schneider, 1985; Bohnenblust and Troxler, 1987) . In recent years, also policy guidelines and regulatory applications of swiss federal agencies integrating these approaches were developed (e.g. BUWAL, 1999; EDI, 1989) .
Current approaches of risk evaluation in switzerland
There is a small number of approaches to define an acceptable level or risk R acc applied in Switzerland. On the level of the individual risks are these the approaches of the absolute Threshold Values of risk (Risiko-Grenzwerte) and the Marginal Costs (Grenzkosten) that the society is willing to pay to prevent damage, e.g. one casualty (e.g. Merz et al., 1995; Bohnenblust and Slovic, 1998; BABS, 2005) .
The evaluation of the collective risk and the definition of an acceptable level is sometimes done using the Boundary Line approach (e.g. Farmer, 1967; EDI, 1989) . Due to its comprehensibility, it is mainly applied in regulatory applications. However, more important is the approach of the Aversion Term (e.g. Bohnenblust, 1985; Schneider, 1985; Bohnenblust and Troxler, 1987) . This approach is used frequently in the field of natural hazards (e.g. BUWAL, 1999; BABS, 2005) , although it was mainly developed in the field of technological hazards (e.g. Litai et al., 1983; Bohnenblust, 1985; Schneider, 1985) .
Both formal procedures of collective risk evaluation are based on the same theoretical assumption: the difference between the effective risk R obj and the acceptable risk level R acc (Boundary Line) or the perceived risk R perc (Aversion Term) is caused by the extent E of the direct damage of an event. The extent E of the direct damage works as the basis for the risk aversion α, according to
Thus, according to these two approaches, risk aversion α is the driving criteria of risk evaluation and is a surrogate for the public concerns about the (large) extent of event damage and the incalculable indirect costs following such an event.
The indirect costs contain a number of aspects, e.g. the costs of recovery, costs of medical care and the costs of destroyed infrastructure (e.g. Schneider, 1985; Bohnenblust and Troxler, 1987; Merz et al., 1995; Fuster, 2004 ) that have to be defined seperately for every event.
Boundary line
The two procedures differ in the way of including risk aversion α. Within the approach of the Boundary Line constant risk R const is represented on a double-logarithmic chart, plotting the frequency F and the extent of damage E of events, by a line with the gradient g(B)
and risk aversion can, therefore, be accounted for by changing the slope of the boundary line such that
i.e., if the extent of damage doubles, the acceptable frequency of an event is no longer half as high, but less than half. In Switzerland, this approach is used e.g. in the Swiss Ordinance on Technological Hazards (EDI, 1989) . However, a problem of this approach is that it is often not obvious if and to what extent risk aversion has been integrated.
Aversion term
The aversion term approach integrates the risk aversion in the representation of the actual risk, either using a factor α(E)
or an exponent
The author calls the outcome of this approach "aversioncorrected" risk R AC due to the fact that only the extent of damage is considered using the aversion α. In current practice, however, the resulting risk is often called "perceived risk" R perc , although all the rest of the factors (e.g. mentioned in the proposed literature in Sect. 2.2) affecting the perception and the evaluation of risk are disregarded.
This approach is often combined with the marginal costs approach. The aversion-corrected R AC (or even perceived risk R perc ) is mostly multiplied with the marginal costs of a damage indicator (i.e. the costs that the society is willing to pay to prevent that damage). The resulting value is called the monetarised, aversion-corrected (or even "perceived") collective risk and enables the comparison of different risks and, thus, the definition of a acceptable risk level (e.g. Merz et al., 1995; BABS, 2005) Both in the case of the Boundary Line and the Aversion Term, the relations α(E) > 1 and dα/dE > 0 (7) hold, i.e. risks with a greater extent of damage are artificially and progressively increased.
Principles of a conceptual approach of natural hazard risk evaluation
The current risk evaluation approaches provide a wealth of knowledge for the development of a conceptual risk evaluation approach regarding natural hazards. But it has to be assumed that there are differences between the characteristics of technological and natural hazard risks that must be taken into account in an evaluation approach. Therefore, the proposed concept is based on the following elements:
-a mathematical formalization of the theoretical model background,
-a sound representation of the knowledge about risk perception and evaluation of natural hazard risks, and -the appropriate role and representation of the evaluating person
The theoretical background of the conceptual approach
Using the proposed conceptual approach, three different types of risk are relevant (see Fig. 2 ). The personal estimation of the effective risk r obj is the point of origin for the risk perception. But as stated in Sect. 2.2, there are several factors influencing the perception that are not included in the figure of the objective risk. These factors are key elements for the calculation of the perceived risk r perc that either can be smaller or larger than 360 Th. Plattner: Modelling public risk evaluation of natural hazards n and risk management. the ojective risk r obj . In Fig. 2 it is assumed that the perceived risk is larger than the effective risk, depending on the occurrence of the relevant perception affecting factors. The effective (or objective risk) and the perceived risk do not provide the necessary information about the acceptance of a certain risk. Therefore, the acceptable risk r acc has to be known. In Fig. 2 it is assumed to be smaller than the perceived and the objective risk. The differences dE 1 (between r acc and r obj ) and dE 2 (between r obj and r perc ) are caused by different occurrence of the relevant factors. In the proposed approach, these factors with their specific occurrence are called Perception Affecting Factors P AF and Evaluation Criteria EC. The conceptual approach is based on two "models". On the one hand a "risk model" aiming at modelling the risk, and on the other hand a "person model" aiming at modelling the evaluating person.
There are three relevant assumptions as a basis for the "risk model". Firstly, the perceived individual risk r perc does not comply with the objective individual risk r obj (see also Fig. 2) , i.e.
Secondly, it is assumed that, using a set of perception affecting factors P AF as well as the objective individual risk r obj , the perceived individual risk r perc can be calculated according to r perc = f (P AF, r obj )
And thirtly, it is assumed that the acceptable individual risk r acc can be calculated, in accordance with the opinion of Hollenstein (1997) , using the evaluation criteria EC and the perceived individual risk r perc r acc = f (EC, r perc ) = f (EC, P AF, r obj )
The general conceptual model approach is defined by the way the above mentioned model parameters are combined. It seems to be useful to choose a geometric approach with an amplification effect for e.g. the overal P AF when several paf i change since the individual P AF components have a multiplicative effect after r perc = r obj * ((a 1 * paf 1 * a 2 * paf 2 * . . . * a n * paf n )) (11) where a i is the weight and paf i the value of the ith P AF component. Thereby, the following relation holds
For the acceptable risk r acc the same combination rules are valid, so that it looks like r acc = r perc * ((a 1 * ec 1 * a 2 * ec 2 * . . . * a n * ec n )) (13) where a i is the weight and ec i the value of the ith EC component. Thereby, the following relation holds, too
The "person model", finally, is used to create model evaluators me i with the help of a Monte-Carlo-Simulation. These model evaluators are supposed to be surrogates for the real life individuals and will then be provided with an appropriate weighting factor g me i .
The "risk model" and the "person model" will be combined after r perc,me i = r obj · P AF · g me i
for the perceived risk and in accordance with r acc,me i = r perc · EC · g me i
for the acceptable risk. Consequently, the decision about the acceptance Acc of a certain individual risk r i can now be made in accordance with Eq. (17) Acc = 1 if r perc,me i ≤ r acc,me i 0 if r perc,me i > r acc,me i
As the proposed risk evaluation approach aims at modelling the evaluation of the collective risk R, this risk has to be calculated. In its easiest definition, the collective risk is defined as the sum of all individual risks r of a community according to
Therefore, it is possible to compute the perceived collective risk R perc as well as the acceptable collective risk R acc in accordance with Eq. (18), so that the acceptance Acc of a certain collective risk can now be made after
If a certain collective risk R i is acceptable (Acc=1), this risk R acc,i can now be compared with the objective collective risk R obj,i within the risk management. This comparison may provide three possible states, i.e.
The states of Eqs. (20) and (21) only require monitoring, whereas the state characterized by the Eq. (22) means that risk mitigating measures or measures increasing the acceptance of the risk have to be taken.
A proposition for the implementation of the current knowledge about risk perception and evaluation
One of the major objectives of this study is to advance the consideration of the current knowledge about risk perception and evaluation of natural hazards in the approaches of risk evaluation. Therefore, the use of perception affecting factors P AF and evaluation criteria EC is suggested to compute the perceived indidvidual risk r perc and the acceptable individual risk r acc .
Perception Affecting Factors P AF and Evaluation Criteria EC
The P AF are the relevant driving factors of natural hazard risk perception on the individual level. The determination of the P AF is based on a survey of literature about risk perception in all fields of risks but a main focus of natural hazards (e.g Farmer, 1967; Starr, 1969; Slovic et al., 1986; Slovic, 1987; Fell, 1994; McDaniels et al., 1995 McDaniels et al., , 1996 Finlay and Fell, 1997; Renn, 1998 Renn, , 2001 Renn and Klinke, 2002; Zwick et al., 2002; Plapp, 2004) ). Subsequently, a qualitative selection process aiming at the elimination of collinearity effects among the factors was conducted. The resulting set of factors was submitted to a group of experts from technological, administrative and social institutions dealing with natural hazards. These experts assessed the relevance of the individual factors for the perception of natural hazard risks and these results were then compiled. Consequently, a smaller list of relevant factors affecting the perception of risk resulted and was tested, again on a qualitative basis, a second time for collinearity, such that redundant factors could be grouped without significant loss of information (see Table 1 ). The P AF are used to calculate dE 2 after
and thus
The influence of a single P AF on the perception of a risk can be illustrated with the example of the "voluntariness". As the literature shows, there is more willingness to accept voluntary than involuntary risks and involuntary risks are perceived to be higher than voluntary risks (e.g Starr, 1969 ). Based on these facts, it can be assumed that a risk that is taken voluntarily may be larger than the effective risk r obj , and, on the other hand, that an involuntarily taken risk should be smaller than the effective risk (see Fig. 3 ). Thus, it can be Frequency of event
Probabilty of an event
Extent of damage e f f e c t iv e r is k r e f f v o lu n t a r y r is k i n v o l u n t a r y r i s k dE 1 dE 2 Fig. 3 . The difference dE1 and dE2 between can, at least partly, be explained by additional factors, as voluntariness of a risk. As a working hypothesis, it is assumed that the in Table 1 mentioned factors can also be used as Evaluation Criteria EC to calculate dE 1 after and thus
Thus, a factor is not only relevant for the perception of a risk, but also for the evaluation of a risk after
and it can be assumed that the occurrence of a factor for the evaluation of risk is different from the occurrence of the same factor for the perception of risk. Additional Evaluation Criteria EC according to
will only be defined if it appears to be required for the model.
Quantification of P AF and EC
The quantification of the P AF and EC is an important step. Several data sources are analysed with regard to quantitative values for the P AF and the EC:
-risk perception literature: explanation reports about risk perception studies (with a focus on studies accomplished in central Europe).
-data from a recently finished survey about the perception of natural hazards risks in Germany (Plapp, 2004) .
-data from a survey about the perception and evaluation of natural hazard risks in Switzerland (Siegrist et al., 2004) .
In accordance with the findings of risk perception and evaluation research, it has to be stated that risk aversion is more than a function of the extent of direct damage. For example, the indirect effects of hazardous events (e.g. costs of enacted laws, costs of psychological support of affected people, cost of recovery actions, etc.) have also to be considered. Both indirect and direct effects can e.g. be included in the term expected consequences C exp .
The proposed model of natural hazard risk evaluation works, therefore, with an enhanced definition of risk aversion. In addition to the expected extent of damage E, more aspects are included that are assumed to be important. These are mainly the following items:
-Expected extent of consequences C exp of an event.
-"Speciality" of an event (extraordinary event vs. normal events): the speciality of an event can be measured using a surrogate, e.g. the frequency (or the probability of occurrence) of the event.
-Perception Affecting Factors P AF : since the magnitude of the potential damage is relevant for the risk evaluation, the scale for judging this magnitude is also important. The reluctance of an event i may be stronger than that of an event j even though the relations R obj,i <R obj,j and C exp,i <C exp,j may hold. This can e.g. occur when i results from an involuntary and j from a voluntary activity. The influence of the perception affecting factor 'Voluntariness' results in the relation R perc,i >R perc,j .
Thus, within the propsed conceptual approach both the expected consequences C exp and the frequency F (or probability p) of an event have to be integrated within the P AF and EC (see Table 2 ).
The relevant factors of risk perception and evaluation have to be "transformed" into figures. When calculating a specific risk, the P AF and EC receive a component value between 0.5 and 2.0 (that is equal to paf i after Eq. (11) and Eq. (12) or ec i after Eq. (13) and Eq. (14) and a specific weighting value (that is equal to a i within the Eq. (11) and Eq. (13)) that is currently based on an expert workshop hold at the ETH Zürich (see Table 2 ).
The extent of risk aversion can then be estimated e.g. using the values of the expected consequences C exp (or, as an approximation, the extent of the direct damage E), the frequency F (or the probability of occurrence) of an event as well as the weighting of the factors affecting the perception (P AF ) and the evaluation (EC) of a risk. Thus, the findings of Kahneman and Tversky (1979) have to be taken into account. The Prospect Theory reveals that human risk perception is an asymmetric and non-linear process in which more emphasis is put on the "losses" as a possible outcome of a decision than on the possible "gains" (see Fig. 4 ).
The value (utility) function of the Prospect Theory is based on the assumption that changes are the carriers of value and these changes are made in relation to a reference point working as the zero point of the value scale
As shown in Fig. 4 , the resulting value function is concave for gains and convex for losses and is steepest at the reference point itself. Furthermore, the value function for losses is steeper than the value function for gains and the marginal value for both gains and losses are decreasing. But (Kahneman and Tversky, 1979 ) puts more emphasis on "losses" than on "gains".
finally, the value function can also be convex for gains and concave for losses since, as Kahneman and Tversky (1979) write, the derived value function of an individual does not always reflect "pure" attitudes to money, since it could be affected by additional consequences associated with specific amounts. Such perturbations can readily produce convex regions in the value function for gains and concave regions in the value function for losses. The latter case may be more common since large losses often necessitate changes in life style.
Using the findings of the Prospect Theory, a possible concept for estimating the extent of risk aversion could be the measure of the aversive and non-aversive impacts of P AF and EC. Such a measure can be done e.g. using a proceeding like the one drafted in Table 3 . The component values paf i and/or ec i [0.5-2.0] describe the occurrence of a P AF and/or a EC in a certain risk situation.
The super-proportional weighting of the "losses" complies with the assumption of risk aversion used in the introduced approach: an outcome that does not comply with the objectives and the idea of a "gain" of the relevant people, is weighted as a "loss" and, thus, defined as an negative outcome. For example, according to the perception affecting factors P AF , an involuntary activity causes risk aversion. Thus, involuntariness has to be accounted for as a "loss" (due to the fact that, according to the Prospect Theory, "losses" causes risk reluctance). This means that the term "loss" is a surrogate for involuntary, irreducible and dreadful risks and those with a high extent of consequences C exp and a high frequency. The term "gain", consequently, reflects opposite aspects: it is a surrogate for voluntary, reducible and dreadless risks with a small extent of consequences and a low frequency. Table 3 . The terms "Loss" and "Gain" of the Prospect Theory are used as surrogates for a specific set of the risk aversion characteristics. They get the value of 2 ("Loss"), 1 ("Neutral") and 0.5 ("Gain") and work as paf i or ec i within the Eqs. (11) These individual factors should be accounted for in a comprehensive approach of risk evaluation, even though the model aims at the collective acceptable risk level R acc . However, considering these factors on a really individual basis is almost impossible, since it would in principle require that data about each and every person is gathered. Instead, a surrogate "model evaluator" is introduced. For this purpose, a broad classification for each of the above mentioned individual evaluation factors is defined (e.g., limited/average/good economic perspectives, instable or poorly developed/stable and well developed social environment, etc.). Subsequently, the frequency distribution of the population for all factors and classes is estimated (e.g. relying on national statistic data) together with the qualitative effect that a certain class assignment has on the perception. For example, limited economic perspectives or a poorly developed social environment may make all natural risks appear more (e.g., twice as) severe than good economic perspectives or a well developed social environment, since it is more difficult for the individual to recover from. Once the frequency distribution and the effects are determined, a Monte-Carlo simulation can be used to investigate and aggregate a large number of 'model evaluators' (each one having an 'individual' accepted risk r ind ) and thus also the R acc can be computed and the acceptability judgement according to Eq. (19) can be made. This is current work in progress.
5 Discussion: The difficulties of the proposed approach Developing a model requires decisions about the relevance of several parameters affecting the modelled process. On one hand, the more parameters are considered, the better does the model correspond to reality, but the more demanding it is to use this model. On the other hand, if fewer parameters are used, then the application of the model is easier and the results are generally more stable. However, this comes at the cost of an increased probability of having omitted relevant factors. The model building process is thus a trade-off between the applicability and the representativeness of the model.
From a risk management point of view, a model that allows at least a rough, though still not completely accurate estimation of the risk evaluation is better than having nothing at all. In engineering terms, this means that the goal is a simple and sound model rather than a sophisticated and complicated one. Therefore, the emphasis is on a small number of relevant factors affecting the risk evaluation, allowing for a certain inaccuracy of the model results.
However, several critical points of the proposed model must be remain. First, the idea to derive a normative formulation from social and psychological factors originally derived in a non-normative context and applying this formulation within an engineering context may give raise to questions. However, managing risks involves making decisions, and while it is obvious that a perfect representation of the real risk evaluation will never be possible, one should nevertheless try to improve the basis for the decision making. The goal is not to replace the evaluation process, but to facilitate the selection of 'good' options (i.e., those that are likely to be in line with the evaluation) within the framework of risk management.
A second issue is the definition of the P AF components as suggested above (including their weights and scales). It is obvious that lay persons play a vital role in evaluating risks. They should be represented in the definition of the factors that drive the model. This was not possible due to time and budget constraints. This is a shortcoming of the chosen approach, but the author hopes that he will be able to (partly) compensate it by using the results of recent and current investigations about the public perception of natural risks from Switzerland and Germany for calibration and validation of the model.
A third issue is the inclusion of risk aversion in the evaluation process. While aversion was the only factor considered so far in formal evaluation procedures, it may almost disappear as a factor in the new model since it is expressed by the characteristics of the model parameters. Risk aversion is, compared to the current practice, used in a clearly different way and also with a different intention. One might argue that this should at least be reflected by using another terminology. However, it is the opinion of the author that the use of aversion is justified by the very meaning of the word. This would be a clear change in practice, and it remains to be seen if such a change will be endorsed by the risk management community.
A fourth issue is the use of "model evaluators" for representing individuals (and on an aggregate level also communities). Social classification has a tradition in psychology and sociology, but it has probably not been operationally used in a context similar to the present one. Currently, neither the sensible choice of the ideas nor the legitimacy of the assumption that they can be aggregated to represent communities is clear. Additional work will be necessary to provide a more solid foundation for the inclusion of perception factors that are not related to the risk characteristics.
A final issue for discussion is certainly the accuracy of the model predictions that can be achieved and the benefits that can be derived from these predictions. Both factors will be difficult to estimate before the model can actually be applied to decisionmaking situations. Even if the model application is easy (i.e., not requiring a lot of effort for understanding or data procurement), it is still an additional step in the decision procedure with an initially unproven return. Thus, the benefits that improved information about risk evaluation provides in the risk management process must be actively communicated at least until the usage of the model is established in the risk management community.
Conclusions
A new culture of dealing with natural hazards requires a riskbased approach. But why is it necessary to introduce a new risk culture? What are the driving factors of this development?
In recent years, there is an increasing societal claim for security and a decreasing level of risk acceptance. Furthermore, there are increasing marginal costs of risk protective measures, but decreasing financial resources for the management of natural hazards. This results in an optimization problem and raises the questions "How can the financial resources be used most efficiently?" and "How can the most effective risk mitigation measures be achieved?". Since financial resources are becoming more and more restricted, the allocation of the money is regarded critically by the public. Therefore, the competent authorities, working on behalf of the society, have to consider not only the scientific findings and methods for computing the risk, but must also include the public concerns.
One of the key problems is the lack of information about what the societal risk acceptance ex-ante (i.e., before an event). After an event, the society often simply requires that a Th. Plattner: Modelling public risk evaluation of natural hazards 365 similar event may never happen again. There are many cases of catastrophic events, mainly in the field of technological hazards, that resulted in societal risk acceptance levels. An example is the fire in a chemical storage facility in Schweizerhalle in 1986 that led to the development of the Swiss Ordinance on Technological Hazards (Störfallverordnung) (EDI, 1989 ) that now regulates the handling of technological risks in Switzerland and considers the acceptable level of risk (using the approach of Boundary Line). However, examples of a proactive definition of a societal safety level are rare. In the field of natural hazards, the society never defined what levels of risk are acceptable. Thus, the competent authorities suffer from a lack of decision criteria, although the protection of the public is one of their major tasks. Consequently, there exists a need for the authorities to know what the society thinks about risks and what level of risk the society is willing to accept. A formalized model that allows the simulation of the public risk evaluation could be a useful tool to support effective and efficient risk mitigation measures.
